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环的认识尚不够全面。本研究以硫微螺菌 Thiomicrospira sp.S5 为研究对象，深
入开展了生理生化特点，硫氧化特征和基因组分析工作。该菌是目前第一株从
西南印度洋热液环境分离获得的硫微螺菌。 
生理生化特征研究表明 Thiomicrospira sp.S5 化能自养生长，最适生长条件





特性，Thiomicrospira sp.S5 分别以 Na2S2O3和 Na2S 作为唯一能源进行硫氧化的
最适浓度为 10mM 和 100μM。在最适生长条件下，分别以 Na2S2O3和 Na2S 为硫
源生长速率为 0.35 h-1和 0.59 h-1;以 Na2S2O3为硫源的硫氧化速率为 1.045mM/h。
此外，菌株 S5 氧化硫代硫酸盐过程中，在胞外可以累积单质硫，扫描电镜观
察形成的硫颗粒直径范围在 0.7~ 6.0μm，同时能谱分析这些硫颗粒主要含有 C
和 S 两种元素，其中硫元素含量高达 71.31%。全基因组测序分析显示
Thiomicrospira sp. S5 基因组共含有 2,770,466 个碱基序列，G+C 含量为 50.52%。
通过 RAST 进行基因注释，预测基因 2,574 个，其中 2,463 个编码蛋白基因，49 
tRNAs 和 12 rRNAs。该菌基因组含有编码卡尔文循环的所有酶，不同于
Thiomicrospira crunogena XCL-2 基因组中含有 2 个 I 型 1,5-二磷酸核酮糖羧化
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统（soxXA, soxY, soxB 和 soxCD) 和 sqr（sulfide quinone oxidoreductase）基因。
与同属内来自热液区的 Thiomicrospira crunogena XCL-2、Thiomicrospira sp. 
MA2-6 和 Thiomicrospira sp. XS5 进行比较基因组分析，结果表明菌株 S5 的基
因组与 Thiomicrospira sp. MA2-6 较为相似，而与 T. crunogena XCL-2 有较为明
显的差异，S5 的硫代谢较之更为复杂，还含有 flavocytochrome-c sulfide 
dehydrogenase （Fcc），胞内氧化蛋白(DsrE/DsrF)及同化硫酸盐还原途径的基因。




基因组中含有两类氢酶，分别为[NiFe] –hydrogenase group 1 和 group 2b, 均有较
























Deep-sea hydrothermal vent communities are among the most productive 
oceanic ecosystems on the planet and are sustained by prokaryotic 
chemolithoautotrophic primary producers that use inorganic energy sources available 
and nutrients from hydrothermal fluids. The oxidation of reduced sulfur compounds 
such as H2S, S0, polysulfide and thiosulfate, coupled to reduction of O2 and/or nitrate 
is one of the predominant forms of energy metabolism of chemolithoautotrophs in the 
hydrothermal mixing zones, where chemical and physical characteristics are dictated 
largely by the interaction of hydrothermal fluid and bottom water. Thiomicrospira 
species are ubiquitous in deep-sea hydrothermal vents. However, we know a little 
about the physiological and metabolic features supporting them thriving in the special 
niche. 
In this report, a new isolate, designated Thiomicrospira sp. S5, was firstly 
isolated from the chimney samples of an active hydrothermal vent on Southwest 
Indian Ridge. Physiological characterization showed that it was a microaerobic 
chemolithomixotroph, and could grow with sulfide, thiosulfate, elemental sulfur , 
thiocyanate or tetrathionate as the energy source, and molecular oxygen as the sole 
electron acceptor. The isolate was able to grow chemolithoautotrophically with 
carbon dioxide and also utilized various organic substrates as carbon sources. Under 
optimum culture conditions, the growth rate of S5 was 0.35 h-1 and 0.59 h-1 with 
thiosulfate and sulfide as the solo sulfur source respectively, the sulfur-oxiding rate 
was 1.045mM/h using thiosulfate as the sulfur source. Intriguingly, during oxidizing 
sulfide and thiosulfate, Thiomicrospira sp.S5 formed extracellular globules of 
elemental sulfur with size varying from 0.7 ~ 6.0μm in diameter. Energy-dispersive 
X-ray analysis revealed that sulfur accounted for the major component of the globules, 
up to 71.31%. In addition, strain S5 also consumed hydrogen as the energy source.  
Genomic analysis indicated that the complete genome of strain S5 comprises 
2.77 Mb with a G+C content of 50.52 mol%. Gene annotation based on RAST 
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genes, 49 tRNAs, and 12 rRNAs. Comparative genomics with other members of the 
genus Thiomicrospira, including Thiomicrospira crunogena XCL-2, Thiomicrospira 
sp. MA2-6 and Thiomicrospira sp. XS5, which were also from deep-sea hydrothermal 
vents, revealed that stain S5 was similar to Thiomicrospira sp. MA2-6, but 
significantly different from T. crunogena XCL-2. Strain S5 was more complex in 
sulfur metabolism. It possessed the additional genes for flavocytochrome-c sulfide 
dehydrogenase (fcc), intracellular sulfur oxidation protein (DsrE/DsrF) and 
assimilatory sulfate reduction, which were all absent in T. crunogena XCL-2. 
Additionally, [NiFe]-hydrogenase genes for hydrogen consumption were different 
between Thiomicrospira sp. S5 and T. crunogena XCL-2. Our results indicated that 
the energy source versatility and the specific adaptations of genus Thiomicrospira into 
strikingly different habitats of deep-sea hydrothermal environments. 
Key words: Thiomicrospira, sulfur-oxidizing bacteria, chemolithoautotrophs, 
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